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Preface 


The  Long  Term  Resource  Monitoring  Program  (LTRMP)  was  authorized  under  the  Water 
Resources  Development  Act  of  1986  (Public  Law  99-662)  as  an  element  of  the  U.S.  Army  Corps  of 
Engineers’  Environmental  Management  Program.  The  LTRMP  is  being  implemented  by  the  Upper 
Midwest  Environmental  Sciences  Center,  a  U.S.  Geological  Survey  science  center,  in  cooperation 
with  the  five  Upper  Mississippi  River  System  (UMRS)  States  of  Illinois,  Iowa,  Minnesota,  Missouri, 
and  Wisconsin.  The  U.S.  Army  Corps  of  Engineers  provides  guidance  and  has  overall  Program 
responsibility.  The  mode  of  operation  and  respective  roles  of  the  agencies  are  outlined  in  a  1988 
Memorandum  of  Agreement. 

The  UMRS  encompasses  the  commercially  navigable  reaches  of  the  Upper  Mississippi 
River,  as  well  as  the  Illinois  River  and  navigable  portions  of  the  Kaskaskia,  Black,  St.  Croix,  and 
Minnesota  Rivers.  Congress  has  declared  the  UMRS  to  be  both  a  nationally  significant  ecosystem 
and  a  nationally  significant  commercial  navigation  system.  The  mission  of  the  LTRMP  is  to  provide 
decision  makers  with  information  for  maintaining  the  UMRS  as  a  sustainable  large  river  ecosystem 
given  its  multiple-use  character.  The  long-term  goals  of  the  Program  are  to  understand  the  system, 
determine  resource  trends  and  effects,  develop  management  alternatives,  manage  information,  and 
develop  useful  products. 

This  report  supports  LTRMP  Operating  Plan  (U.S.  Fish  and  Wildlife  Service  1993)  Task 
1.2. 1.2  Select  Processes  for  Research,  and  Tasks  1.2. 1.3,  Establish  Experimental  Design ,  under 
Strategy  1.2.1,  Determine  Effects  of  Sedimentation  and  Sediment  Transport  Processes  on  the  Upper 
Mississippi  River  System  Ecosystem.  This  report  was  developed  with  funding  provided  by  the  Long 
Term  Resource  Monitoring  Program. 
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Abstract:  The  suspended  sediment  budget  for  Pool  13  of  the  Mississippi  River  and  La  Grange 
Pool  of  the  Illinois  River  was  examined  over  a  3-yr  period  (October  1995  through  September 
1997).  Pool  13  output  was  between  3.07  and  3.64  million  t  (metric  tons)  of  suspended  sediment 
annually  during  the  study  period.  Loads  to  Pool  13  were  dominated  by  those  delivered  by  the 
Mississippi  River  (76%,  74%,  and  66%  in  the  1995,  1996,  and  1997  water  years,  respectively). 
Pool  13  exhibited  sediment  export  (output  greater  than  input)  in  1995,  a  balance  in  1996,  and 
marked  sediment  trapping  (output  less  than  input)  in  1997.  Within  the  three  study  years.  Pool 
13  received  its  highest  water  and  sediment  loads  during  spring  (March  through  May)  and  this 
period  was  marked  by  sediment  export.  Suspended  sediment  loads  were  trapped  during  the 
remainder  of  the  year.  La  Grange  Pool  output  was  between  3.71  and  5.04  million  t  of  suspended 
sediment  annually  during  the  1995-97  water  years.  The  Illinois  River  accounted  for  less  than 
50%  of  the  suspended  sediment  load  to  the  pool  (19%,  25%,  and  45%  in  the  1995,  1996,  and 
1997  water  years,  respectively.  La  Grange  Pool  exhibited  considerable  sediment  trapping  in 
1995  whereas  the  1996  and  1997  water  years  were  much  closer  to  a  balance  wherein  output  was 
within  5%  of  input.  Generally,  La  Grange  Pool  received  its  largest  water  and  sediment  loads 
during  the  late  spring-early  summer  period  (April  through  June),  but  in  1997  the  late  winter 
loads  predominated.  In  all  years,  La  Grange  Pool  trapped  the  sediments  during  these  high 
discharge,  high  loading  periods  and  exported  suspended  sediments  for  the  remainder  of  the  year. 
The  distinct  differences  in  the  manner  in  which  these  pools  process  suspended  sediment  loads 
may  be  related  to  the  considerable  differences  between  the  morphometry  of  these  pools. 

Key  words:  La  Grange,  Mississippi  River,  Pool  13,  river,  sediment  budget,  sediment  load 


Introduction 

The  Upper  Mississippi  River  System 
(UMRS),  defined  as  the  navigable  portions  of  the 
Mississippi  and  Illinois  Rivers,  has  been  directly 
affected  by  human  activities  (activities  in  the  river 
channel  itself,  rather  than  in  the  watershed)  such 
as  the  construction  of  wing  dams  and  side  channel 
closing  structures  for  at  least  120  yrs,  but  the  most 
severe  alteration  occurred  with  the  construction 
of  a  series  of  locks  and  dams  in  the  late  1930s, 
Initially,  impoundment  of  these  rivers  created  a 
very  diverse  mosaic  of  physical  features  such  as 
islands,  braided  channels,  and  backwater  lakes. 

On  the  Mississippi  River,  the  construction  of  the 
navigation  system  created  a  series  of  shallow 
impoundments  occupying  most  of  the  floodplain. 
Whereas  the  initial  filling  of  these  areas  was  seen 
as  a  boon  to  the  overall  physical  heterogeneity, 
it  was  soon  apparent  that  the  hydrological 
changes  brought  about  by  impoundment  were 
having  considerable  effects  on  sedimentation 
processes  (Fremling  and  Claflin  1984).  A  general 
pattern  was  observed  involving  island  loss  and 
excessive  backwater  sedimentation.  This  erosion 
of  high  points  and  filling  in  of  low  points  led  to 
a  considerable  loss  of  physical  heterogeneity. 
Essentially  the  same  process  (impoundment)  that 
led  to  their  creation  would  also  be  responsible 
for  the  demise  of  the  islands,  braided  channels, 
and  backwater  lakes.  Similar  changes  have  been 
observed  in  the  Illinois  River  (Sparks  1984). 
Increased  sedimentation,  primarily  in  off-channel 
areas,  has  for  some  time  been  recognized  as  a 
major  concern  and  has  been  identified  as  one  of 
the  primary  threats  to  the  ecological  resources 
of  the  Upper  Mississippi  River  (Great  River 
Environmental  Action  Team  1980). 

Most  previous  sediment  budget  studies  on  the 
Mississippi  and  Illinois  Rivers  have  focused  on 
large-scale  (a  long  reach  or  the  entire  river)  and 
have  been  based  on  relatively  few  data.  Nakato 
(2000)  assembled  the  available  data  and  developed 
a  sediment  budget,  which  included  estimates 
of  bedload,  for  Pools  11-26  on  the  Mississippi 
River  for  two  long  periods:  post-impoundment 
to  the  mid-1950s  and  mid-1950s  to  the  present. 

A  major  finding  of  Nakato’s  study  (2000)  was 


that  sediment  loading  is  lower  in  the  more 
recent  period.  Demissie  et  al.  (2003)  produced 
a  sediment  budget  for  the  Illinois  River  for 
1981-94.  Data  from  the  Illinois  River  indicated 
that,  on  the  average,  12.4  million  t  (metric  tons;  1 
metric  ton  =  1,000  kg)  of  sediment  are  delivered 
to  the  system  every  year  and  the  system  exports 
an  average  of  5.3  million  t.  Approximately 
7.2  million  t  are  stored  in  the  system. 

A  workshop  held  in  1994  identified  the 
serious  need  to  develop  pool-scale  sediment 
budgets  for  the  navigation  pools  of  the  UMRS 
(Gaugush  and  Wilcox  1994).  Pool-scale  budgets 
wherein  the  in-pool  processes  were  viewed  as  a 
“black  box”  were  seen,  collectively,  as  a  necessary 
first  step  in  developing  an  understanding  of 
sediment  processing  in  the  UMRS.  Pool  13  on 
the  Mississippi  River  and  La  Grange  Pool  on  the 
Illinois  River  were  chosen  as  the  first  sites  for  this 
type  of  study.  The  objectives  of  this  study  were  to 

1.  determine  the  suspended  sediment  budget  in 
two  distinctly  different  navigation  pools  of  the 
UMRS; 

2.  determine  if  the  budgets  were  dominated  by 
sediment  storage  (input  greater  than  output),  a 
quasi-equilibrium  (input  ~  output),  or  export 
(output  greater  than  input);  and 

3.  examine  the  relation  between  sediment 
mass  flux  and  the  annual  dynamics  of  water 
discharge. 

Study  Area 

Pool  13 

Pool  13  is  between  river  miles  522.5  and 
556.8  (measured  from  the  confluence  with  the 
Ohio  River)  on  the  Mississippi  River  (Figure  1). 
Pool  13  is  1  of  26  pools  formed  by  a  series  of 
locks  and  dams  constructed  in  the  late  1930s  to 
maintain  a  9-foot  channel  as  an  aid  to  commercial 
navigation.  Construction  of  Lock  and  Dam  13  was 
completed  in  1938  and  placed  in  operation  in  1939 
(U.S.  Army  Corps  of  Engineers  1980).  Four  small 
rivers  discharge  into  Pool  13:  the  Maquoketa  and 
Elk  Rivers  on  the  Iowa  (western)  side  of  the  pool 
and  the  Apple  and  Plum  Rivers  on  the  Illinois 
(eastern)  side.  Eight  additional  minor  streams 
also  discharge  into  Pool  13.  Mean  discharge 
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Figure  1.  Map  of  the  Upper  Mississippi  River  System:  ( A )  location  of  the  two  pools  in  the 
upper  Midwest  of  the  United  States;  (B)  Pool  13;  and  (Q  La  Grange  Pool. 


from  Pool  13  is  1379  m3  s'1  for  the  period  of 
record  (1873-1997)  and  time  of  travel  for  water 
is  approximately  10  h  during  normal  operation. 
Pool  13  is  in  an  extended  valley  segment,  the 
walls  of  which  are  erosion  resistant  limestone 
and  dolomite  formations  (Knox  2000).  A  narrow 
bedrock  gorge  ends  in  the  upper  reach  of  Pool  13. 
The  generally  flat  floodplain  is  2.4  km  wide  at  the 
upper  end  of  Pool  13  and  widens  to  almost  6.4  km 
at  the  lock  and  dam. 

La  Grange  Pool 

La  Grange  Pool  is  between  Illinois  River 
miles  80.2  and  157.7  (measured  from  the 
confluence  with  the  Mississippi  River;  Figure  1). 
La  Grange  Pool  is  one  of  six  pools  on  the  Illinois 
River  formed  by  impoundment  with  locks 
and  dams  to  support  commercial  navigation. 

As  with  the  system  on  the  Mississippi  River, 
these  structures  were  constructed  to  aid  in  the 
maintenance  of  a  9-foot  navigation  channel.  The 
Illinois  Waterway  serves  to  provide  a  commercial 
navigation  connection  between  the  Mississippi 


River  and  Lake  Michigan. 

The  lock  and  dam  that  forms 
La  Grange  Pool  is  the  most 
downstream  of  the  nine  locks 
and  dams  forming  the  Illinois 
Waterway.  La  Grange  Lock  and 
Dam  were  constructed  and  put 
into  operation  in  1939  (U.S. 
Army  Corps  of  Engineers  1986). 
Four  significant  rivers  enter 
La  Grange  Pool:  the  Spoon  and 
La  Moine  Rivers  on  the  northern 
side  and  the  Mackinaw  and 
Sangamon  Rivers  on  the  southern 
side.  Mean  discharge  for  the 
period  of  record  (1939-97)  is 
645  m3  s_1  and  the  mean  travel 
time  for  water  is  24-36  hours. 

La  Grange  Pool  occupies  the 
ancient  course  of  the  Mississippi 
River,  which  accounts  for  its  low 
gradient  and  large  valley  width 
(Knox  2000).  The  main  channel 
is  relatively  narrow  and  uniform 
with  only  a  slight  widening  at 
the  lock  and  dam.  An  extensive 
series  of  levees  separate  most  of  the  floodplain 
from  the  Illinois  River. 

Methods 

Pool  13  was  allocated  six  gaging  sites,  one 
upstream  of  the  pool  on  the  Mississippi  River, 
one  downstream  of  the  pool,  and  one  each  for 
the  four  major  tributaries  to  the  pool  (Figure  1). 
Gaging  stations  (Table  1)  were  established  on  the 
Mississippi  River  at  the  next  upstream  lock  and 
dam,  the  Apple  and  Plum  Rivers  on  the  Illinois 
(eastern)  side,  the  Maquoketa  and  Elk  Rivers 
on  the  Iowa  (western)  side,  and  the  Mississippi 
River  below  Lock  and  Dam  13.  Drainage  area 
is  221,695  km2  at  the  most  downstream  station, 
96.3%  of  which  is  contributed  by  the  Mississippi 
River  and  less  than  2.5%  by  the  four  gaged 
tributaries  (Table  2).  Only  1.3%  of  the  drainage 
area  was  not  gaged. 

La  Grange  Pool  was  allocated  six  gaging 
sites,  one  upstream  of  the  pool  on  the  Illinois 
River,  one  downstream  of  the  pool,  and  one  each 
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Table  1.  U.S.  Geological  Survey  station  names  and  station  codes 
for  the  gaging  stations  used  in  developing  the  suspended  sediment 
budget  for  Pool  13. 


Station  name 

Station  code 

Mississippi  River  at  Lock  and  Dam  12  at 
Bellvue,  Iowa 

05416100 

Apple  River  near  Hanover,  Illinois 

05419000 

Plum  River  at  Savanna,  Illinois 

05420100 

Maquoketa  River  near  Maquoketa,  Iowa 

05418500 

Elk  River  near  Altmont,  Iowa 

05420300 

Mississippi  River  at  Clinton,  Iowa 

05420500 

Table  2 .  U.S.  Geological  Survey  station  names  and  station  codes 
for  the  gaging  stations  used  in  developing  the  suspended  sediment 
budget  for  La  Grange  Pool. 

Station  name 

Station  code 

Illinois  River  at  Pekin,  Illinois 

05563800 

Mackinaw  River  near  Green  Valley,  Illinois 

05568500 

Spoon  River  at  Seville,  Illinois 

05570000 

Sangamon  River  near  Oakford,  Illinois 

05583000 

La  Moine  River  at  Ripley,  Illinois 

05585000 

Illinois  River  at  Valley  City,  Illinois 

05586100 

for  the  four  major  tributaries  to  the  pool  (Figure 
1).  Gaging  stations  (Table  3)  were  established 
on  the  Illinois  River  below  the  next  upstream 
lock  and  dam,  the  Spoon  and  La  Moine  Rivers 
on  the  northern  side  of  the  pool,  the  Sangamon 
and  Mackinaw  Rivers  on  the  southern  side  of  the 
pool,  and  the  Illinois  River  below  the  La  Grange 
Lock  and  Dam.  Drainage  area  is  69,262  km2  at 
the  most  downstream  station,  of  which  54.5%  is 
contributed  by  the  Illinois  River  above  La  Grange 
Pool  and  34%  by  the  four  gaged  tributaries 
(Table  4).  Approximately  11.5%  of  the  drainage 
was  not  gaged  and  represents  the  area  between  the 
tributary  gaging  stations  and  the  pool,  ungaged 
tributaries,  and  direct  drainage  into  the  pool. 

At  both  pools,  discharge  gaging  and 
suspended  sediment  sampling  were  conducted 
by  the  U.S.  Geological  Survey  according  to 
established  U.S.  Geological  Survey/Water 
Resources  Division  (USGS/WRD)  methods 
(Buchanon  and  Somers  1969;  Guy  and  Norman 
1982).  Suspended  sediment  sampling  at 
each  gaging  site  consisted  of  approximately 


Table  3.  Drainage  areas  for  Pool  13. 


Source 

Drainage 
area  (km2) 

Proportion 
of  total  (%) 

Mississippi  River  above  Pool  13 

213,408 

96.3 

Apple  River 

640 

0.3 

Plum  River 

707 

0.3 

Maquoketa  River 

4,022 

L8 

Elk  River 

145 

0.1 

Total  gaged  input 

218,920 

98.8 

Ungaged 

2,772 

13 

Output  for  Pool  13 

221,695 

Table  4.  Drainage  areas  for  La  Grange  Pool. 


Source 

Drainage 
area  (km2) 

Proportion 
of  total  (%) 

Illinois  River  above  La  Grange 
Pool 

37,775 

54.5 

La  Moine  River 

3,349 

4.8 

Mackinaw  River 

2,779 

4.0 

Sangamon  River 

13,190 

19.0 

Spoon  River 

4,237 

6.1 

Total  gaged  input 

61,330 

88.5 

Ungaged 

7,932 

11.5 

Output  for  La  Grange  Pool 

69,262 

250  samples  per  year  with  the  samples  taken 
weekly  during  base  flow  conditions  and  more 
frequent  sampling  during  storm  events.  Discharge 
measurements  were  recorded  continuously  by 
automated  equipment.  This  study  was  initiated  in 
1994  with  site  preparation  and  gage  installation. 
Actual  data  collection  began  in  October  1995. 
Sampling  was  terminated  at  the  end  of  September 
1997  after  3  yrs  of  data  collection. 

The  USGS/WRD  uses  the  continuous 
discharge  data  and  the  instantaneous  suspended 
sediment  concentration  data  to  compute  mean 
daily  water  discharge  and  daily  suspended 
sediment  loads  for  each  gaging  station.  These 
mean  daily  data  were  used  in  this  study  to  develop 
the  water  and  suspended  sediment  budgets  for 
Pool  13  and  La  Grange  Pool.  These  data  have 
been  published  in  annual  water  data  reports  for 
Illinois  and  Iowa  (May  et  al.  1996,  1997, 1998; 
Wicker  et  al.  1996, 1997, 1998). 
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Results  and  Discussion 

Pool  13 

The  drainage  area  of  Pool  13  is  dominated 
by  that  area  drained  by  the  Mississippi  River  that 
contributes  just  over  96%  of  the  total  area.  Of 
the  remaining  3.7%,  2.5%  is  contributed  by  the 
four  gaged  tributaries  of  this  study  and  1.2%  is 
ungaged.  The  predominance  of  the  Mississippi 
River  in  terms  of  its  contribution  to  the  overall 
drainage  area  would  suggest  that  the  water  and 
sediment  budgets  for  Pool  13  will  be  influenced 
primarily  by  events  or  conditions  above  the  pool 
and  conditions  directly  surrounding  the  pool  will 
have  a  lesser  effect. 

The  water  years  of  1995,  1996,  and  1997 
were  generally  wetter  than  the  long-term 
(1873-1997)  average  (Figure  2,  upper),  but  still 
considerably  drier  than  the  major  flood  year  of 
1993.  Discharges  from  the  pool  were  greater 
than  125%  of  the  mean  daily  discharge  for  the 
period  of  record.  Input  of  water  to  Pool  13  is 
provided  predominantly  (generally  about  95% 
of  the  amount  discharged  from  the  pool)  by  the 
Mississippi  River.  The  gaged  tributaries  provide 
only  about  3%. 

As  with  most  water  budgets,  there  are  some 
unknown  (i.e.,  unmeasured)  sources  and  losses 
of  water  from  the  pool.  A  typical  assumption 
in  the  absence  of  data  is  that  precipitation  and 
evaporation  are  in  balance  (the  amount  input 
by  precipitation  equals  the  amount  lost  to 
evaporation).  Another  unknown  source  is  the  sum 
of  all  inputs  from  ungaged  tributaries  and  direct 
runoff  from  the  land  adjacent  to  the  pool  and  not 
drained  by  a  stream.  To  estimate  this  source,  one 
might  assume  that  the  ungaged  contribution  is 
directly  proportional  to  the  ungaged  drainage  area. 
This  requires  one  further  assumption,  that  the 
nature  of  the  ungaged  area  (its  land  use,  soil  types, 
slopes,  etc.)  is  similar  to  the  features  of  the  gaged 
tributaries.  Given  these  assumptions,  an  export 
coefficient  (amount  of  material  exported  divided 
by  the  drainage  area)  for  the  gaged  tributaries  can 
be  calculated.  This  export  coefficient  multiplied 
by  the  ungaged  drainage  area  provides  an  estimate 
of  the  ungaged  contribution  to  the  budget. 


Water  year 

Source  i  i Maingtpm  ■^■Tributary  EZ^Ungaged 


1995  1996  1997 


Water  year 

Source  f  3  Mainstem  ^■iTributary  biaaaJ  Ungaged 

Figure  2.  Annual  water  budgets  (upper)  and  annual  suspended 
sediment  budgets  (/owe/)  for  Pool  13.  Horizontal  reference  lines 
indicate  mean  daily  discharge  at  the  downstream  end  of  the  Pool  13 
study  area  for  the  period  of  record  (POR,  1873-1 997)  and  for  the 
1993  flood  (1993). 

Generating  ungaged  estimates  in  the  above 
manner  results  in  a  water  budget  in  balance 
(inputs  =  outputs)  for  all  water  years.  There  is 
less  than  a  1%  difference  between  water  input 
and  water  output  for  the  3  yrs  studied  (Figure  2, 
upper).  Developing  a  water  budget  that  is  in 
balance  (given  the  assumptions  made)  suggests 
that  the  sampling  design  and  sample  allocation 
should  also  provide  adequate  estimates  for  the 
suspended  sediment  budget. 

Pool  13  exported  between  8,500  and  10,000 1 
of  suspended  sediment  on  a  daily  basis  during 
the  1995-97  water  years  (Figure  2,  lower).  The 
majority  (76%  in  1995, 74%  in  1996,  and  66% 
in  1997)  of  the  sediment  input  to  Pool  13  is 
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supplied  by  the  Mississippi  River.  Whereas  the 
gaged  tributaries  only  accounted  for  about  3%  of 
the  drainage  area  and  discharge,  they  provided  a 
greater  portion  (16%  in  1995,  17%  in  1996,  and 
22%  in  1997)  of  the  suspended  sediment  load. 
These  loads  are  more  than  five  times  greater 
than  would  be  expected  based  solely  on  these 
tributaries’  contribution  to  the  overall  drainage 
area  or  water  input. 

The  observation  that  the  gaged  tributaries 
contributed  more  to  the  sediment  budget  than 
would  be  expected  based  on  either  their  drainage 
area  or  their  water  discharge  suggests  a  difference 
in  the  relation  between  drainage  area  and  sediment 
delivery.  In  other  words,  the  local  drainage  area 
has  a  greater  sediment  delivery  per  unit  area  than 
the  drainage  area  above  the  pool.  This  is  not 
an  unexpected  result  because,  though  the  local 
drainage  area  (that  area  drained  by  tributaries  that 
enter  Pool  13)  has  a  predominantly  agricultural 
land  use,  the  area  above  Pool  13  drained  by  the 
Mississippi  River  is  more  forested  with  lesser 
agricultural  use  (Table  5). 


Table  5.  Land  use  (expressed  as  percent  of  the  total  drainage 
area)  in  the  watersheds  of  Pool  13  and  La  Grange  Pool. 


Land  cover/use 

Pool  13 

La  Grange  Pool 

Agriculture 

57.9 

83.6 

Deciduous  forest 

13.1 

.  5.8 

Evergreen  forest 

2.2 

0.1 

Forested  wetland 

5.5 

0.5 

Mixed  forest 

13.4 

0.1 

Other 

7.9 

9.9 

The  same  assumptions  used  to  estimate  the 
contribution  of  water  from  the  ungaged  areas  were 
used  to  estimate  the  contribution  of  those  areas  to 
the  suspended  sediment  load.  Ungaged  estimates 
were  half  (8%  in  1995,  8%  in  1996,  and  1 1%  in 
1997)  the  sediment  contribution  from  the  gaged 
tributaries  because  the  ungaged  drainage  area 
was  approximately  50%  of  the  gaged  tributary 
drainage  area. 

Typically  when  budgets  show  a  difference  of 
about  5%  or  less  they  are  said  to  be  in  balance. 
Errors  associated  with  the  data  and  the  estimation 
of  ungaged  sources  cannot  distinguish  differences 


at  that  level.  Differences  greater  than  5%  are 
usually  indicative  of  real  differences  in  the  budget 
(i.e.,  input  greater  than  output  or  input  less  than 
output). 

Given  the  relative  similarity  in  the  water 
budget  for  the  3  yrs  studied,  there  are  considerable 
differences  between  years  in  the  suspended 
sediment  budgets.  The  data  suggest  sediment 
export  (output  greater  than  input)  in  1995,  a 
balance  in  1996,  and  marked  sediment  trapping 
(output  less  than  input)  in  1997.  Two  processes 
in  water  year  1997  result  in  a  positive  sediment 
budget  (material  is  stored  in  the  pool).  First, 
tributary  loads  (and,  as  a  result,  the  ungaged 
contribution)  are  somewhat  greater  than  the 
previous  2  yrs.  Second,  the  pool  output  is 
considerably  lower  than  the  previous  2  yrs.  This 
observation  suggests  that  Pool  13  may  process 
tributary  loads  in  a  manner  different  from 
mainstem  loads. 

The  nature  of  the  observed  change  in  the 
1997  suspended  sediment  loading  cannot  be 
derived  from  a  simple  examination  of  the  annual 
estimates.  Determining  why  Pool  13  apparently 
trapped  sediments  in  1997  will  require  a  closer 
examination  of  the  dynamics  and  timing  of 
events  within  the  year.  The  pattern  of  changing 
conditions  during  the  year  most  likely  will  affect 
the  annual  estimate.  For  example,  the  timing  of 
large  loading  events  (when  they  occur  within  the 
year,  such  as  in  spring  instead  of  summer  or  fall) 
may  have  a  large  effect  on  whether  the  suspended 
load  is  trapped  by  the  system  or  passed  through  it. 

The  Mississippi  River  and  gaged  tributaries 
to  Pool  13  exhibited  the  expected  annual  patterns 
of  water  discharge  and  suspended  sediment  loads. 
Discharges  were  at  their  lowest  in  the  winter 
(December  through  February),  rose  to  their  peak 
in  the  spring  (April  and  May),  fell  through  the 
summer  (June  through  September),  and  generally 
rose  to  a  smaller  peak  in  the  fall  (October  and 
November)  before  dropping  back  to  the  winter 
minimum  (Figure  3;  upper,  middle,  and  lower 
left).  Suspended  sediment  loads,  not  surprisingly, 
followed  the  same  general  pattern  through  the 
year  (Figure  3;  upper,  middle,  and  lower  right). 
Sediment  loads  from  the  Mississippi  River 
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generally  exceeded  the  contribution  of  sediments 
from  the  tributaries,  but  there  were  three 
exceptions  to  this  general  behavior,  all  of  which 
occurred  in  the  1997  water  year.  The  month  of 
February  1997  was  marked  by  an  extremely  large 
sediment  load  from  the  tributaries.  The  months  of 
March  and  June  1997  were  also  months  of  high 
tributary  sediment  loading.  These  same  months 
(February,  March,  and  June  1997)  also  showed 
larger  than  usual  tributary  contributions  to  the 
water  load.  Suspended  sediment  discharged  from 
Pool  13  generally  followed  the  same  patterns  as 
input  sediment  loads  and  water  discharge. 

The  pattern  of  sediment  storage  and  export  in 
Pool  13  is  more  clearly  illustrated  by  examining 
the  net  flux  (input  minus  output)  behavior  in  terms 
of  metric  tons  per  day  and  the  net  flux  expressed 
as  a  percentage  of  the  input  (Figure  4;  upper  and 


lower,  respectively).  A  value  of  zero  for  the  net 
flux  indicates  that  the  inputs  (Mississippi  River, 
four  gaged  tributaries,  and  the  ungaged  estimate) 
and  the  downstream  output  are  in  balance  (i.e., 
as  much  is  leaving  as  is  entering).  A  positive 
value  for  the  net  flux  means  that  inputs  exceed 
the  output  and  the  pool  is  trapping  or  storing 
sediment.  A  negative  net  flux  occurs  when  output 
exceeds  inputs,  which  then  implies  that  the  pool 
is  actually  mobilizing  previously  stored  sediment 
and  exporting  it  from  the  system.  Pool  13  exported 
sediment  (output  is  greater  than  input)  during 
the  major  high  flow,  high  load  months  of  the 
year  during  all  3  yrs  of  the  study.  The  periods  of 
peak  discharge  and  peak  loads  (April  and  May 
in  all  years)  all  have  negative  values  for  net  flux. 
During  these  months,  the  pool  exports  from  125% 
to  175%  of  the  suspended  sediment  input.  In  the 


3 

00 


Source  i.  .iMainstem  ■■■Tributary  BSHlIngaged 

Figure  3.  Poo!  13  monthly  water  (left)  and  suspended  sediment  budgets  (right}  for  the  1995  (uppei),  1996  (middle),  and  1997  ( lowet}  water 
years.  T  refers  to  input  to  Poo!  13  and  "0"  refers  to  outputs. 
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Month  and  year 


Month  and  year 


Figure  4.  Pool  13  suspended  sediment  balance  (sum  of  inputs  minus 
output)  expressed  as  {A}  the  metric  tons  per  day  of  sediment  storage 
(positive  values,  inputs  exceed  output)  and  export  (negative  values, 
outputs  exceed  inputs)  and  {B)  the  percentage  of  the  input  sediment 
load  that  is  stored  or  exported. 

remaining  months  of  the  year,  Pool  13  traps  from 
a  few  to  as  much  as  90%  of  the  input  sediment 
load. 


very  close  to  normal.  Discharge  in  1995  was 
almost  130%  of  the  mean  daily  discharge  for  the 
period  of  record.  The  Illinois  River  contributes  the 
majority  of  the  water  input  (58%  in  1995,  66%  in 
1996,  and  72%  in  1997)  to  La  Grange  Pool. 

Ungaged  contributions  to  the  La  Grange  Pool 
water  budget  were  estimated  in  the  same  manner 
described  above  for  Pool  13.  Generating  ungaged 
estimates  in  the  above  manner  results  in  a  water 
budget  that  is  in  balance  (input  equals  output)  for 
all  water  years.  There  is  less  than  a  1%  difference 
between  water  input  and  water  output  for  the  3  yrs 
studied.  Again,  these  results  for  the  water  budget 
suggest  that  the  sampling  design  and  sample 


La  Grange  Pool 

The  drainage  area  of  La  Grange  Pool  is 
almost  evenly  split  between  the  area  drained  by 
the  Illinois  River  and  the  “local”  drainage  (area 
between  the  upstream  and  downstream  ends  of  the 
pool).  The  Illinois  River  drains  55%  of  the  pool’s 
total  drainage  area  and  the  remaining  45%  (34% 
gaged  tributaries  and  11%  ungaged)  is  local  or 
direct.  This  implies  that  the  water  and  sediment 
budgets  for  La  Grange  Pool  will  be  much  more 
influenced  by  local  conditions  (storms,  land  use 
patterns,  etc.)  than  a  pool  where  the  mainstem 
might  account  for  most  (>  90%)  of  the  input  of 
water  and  sediment. 

The  1995  water  year  was  considerably  wetter 
than  the  long-term  (1939-97)  average  (Figure  5, 
upper)  but  the  1996  and  1997  water  years  were 
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Figure  5.  Annua!  water  budgets  {uppei)  and  annual  suspended 
sediment  budgets  ( fowei )  for  La  Grange  Poo!.  Horizontal  reference 
lines  indicate  mean  daily  discharge  at  the  downstream  end  of  the 
La  Grange  Pool  study  area  for  the  period  of  record  (POR 1938-1997) 
and  for  the  1993  flood  (1993). 


8 


allocation  should  also  provide  adequate  estimates 
for  the  suspended  sediment  budget. 

La  Grange  Pool  annually  exported  between 
10,000  and  14,000 1  of  suspended  sediment  on 
a  daily  basis  during  the  1995-97  water  years 
(Figure  5,  lower).  In  all  years,  the  Illinois  River 
above  La  Grange  Pool  accounted  for  less  than 
50%  of  the  suspended  sediment  load  to  the  pool 
(19%  in  1995,  25%  in  1996,  and  45%  in  1997). 
The  gaged  tributaries  accounted  for  only  34% 
of  the  total  drainage  area,  but  they  account  for  a 
much  greater  portion  of  the  sediment  load  (61% 
in  1995,  56%  in  1996,  and  41%  in  1997).  These 
loads  are  from  1.2  to  2  times  higher  than  would 
be  expected  based  solely  on  these  tributaries’ 
contribution  to  the  overall  drainage  area  or  water 
input.  This  greater  than  expected  contribution 
from  the  gaged  tributaries  implies  that  the  local 
watershed  has  a  greater  sediment  delivery  per  unit 
area  than  the  drainage  area  above  the  pool. 

The  same  assumptions  used  to  estimate  the 
contribution  of  water  from  the  ungaged  areas  were 
used  to  estimate  the  contribution  of  these  areas  to 
the  suspended  sediment  load.  Ungaged  loads  were 
estimated  to  be  34%  of  the  sediment  contribution 
from  the  gaged  tributaries  because  the  ungaged 
drainage  area  was  approximately  34%  of  the 
gaged  tributary  drainage  area. 

The  wet  year  of  1995  is  associated  with 
considerable  sediment  trapping  (input  greater  than 
output)  whereas  the  water  years  of  1996  and  1997 
seem  to  be  in  balance  (less  than  a  5%  difference 
between  input  and  output;  Figure  5,  lower).  These 
data  suggest  that  La  Grange  Pool  traps  sediment 
during  flood  years  but  is  nearly  in  balance  in  more 
hydrologically  normal  years. 

The  Illinois  River  and  the  gaged  tributaries 
to  La  Grange  Pool  exhibited  annual  patterns  of 
water  discharge  and  suspended  sediment  loads 
that  were  different  from  those  observed  in  Pool 
13.  In  the  1995  and  1996  water  years,  discharges 
were  at  their  lowest  in  the  late  summer-early  fall 
(September  and  October),  slowly  rose  to  their 
peak  in  the  late  spring-early  summer  (May  and 
June),  and  then  slowly  fell  to  the  fall  minimum 
(Figure  6,  upper  and  middle  left).  The  1997  water 


year  exhibited  a  late  winter-early  spring  (February 
and  March)  peak  discharge  with  only  a  slight 
increase  in  flows  in  June  (Figure  6,  lower  left). 
During  all  periods  of  peak  discharge,  the  tributary 
and  the  estimated  ungaged  contributions  make 
up  a  large  proportion  of  the  total  water  load  to 
La  Grange  Pool.  In  May  of  1995  and  1996,  these 
contributions  exceed  those  of  the  Illinois  River. 
Suspended  sediment  loads  followed  the  same 
general  pattern  through  the  year  (Figure  6;  upper, 
middle,  and  lower  right)  as  water  discharge. 
Sediment  loads  from  the  tributaries  and  the 
estimated  ungaged  loads  generally  exceeded  the 
contribution  of  sediments  from  the  Illinois  River. 
Illinois  River  loads  were  greater  than  these  other 
sources  during  those  periods  when  both  discharges 
and  loads  were  relatively  small  (late  summer 
through  early  winter).  Suspended  sediment 
discharged  from  La  Grange  Pool  generally 
followed  the  same  patterns  as  input  sediment 
loads  and  water  discharge,  but  during  the  periods 
of  high  tributary  loading  (May  in  1995  and  1996; 
February  in  1997)  the  sediment  export  peaks  were 
much  smaller  in  magnitude  than  the  input  peaks. 

The  pattern  of  sediment  storage  and  export 
in  La  Grange  Pool  is  clarified  by  examining  the 
net  flux  (input  -  output)  behavior  in  terms  of 
metric  tons  per  day  and  the  net  flux  expressed 
as  a  percentage  of  the  input  (Figure  7;  upper 
and  lower,  respectively).  La  Grange  Pool  stored 
sediment  (inputs  greater  than  output)  during  the 
major  high  flow,  high  load  months  of  the  year 
during  all  3  yrs  of  the  study.  The  periods  of  peak 
discharge  and  peak  loads  (May  in  1995  and  1996; 
February  in  1997)  all  have  positive  values  for  net 
flux.  During  these  months,  the  pool  stores  from 
25%  to  75%  of  the  suspended  sediment  input.  The 
height,  or  relative  magnitude  of  the  storage  events 
exceeds  the  sum  of  all  the  negative  events,  which 
implies  that  La  Grange  Pool  is,  on  the  whole, 
trapping  sediments  over  the  course  of  a  year.  On 
the  other  hand,  on  a  temporal  basis,  the  pool  is 
most  often  mobilizing  and  exporting  sediments 
(negative  net  flux  periods)  and  it  is  only  during  the 
few  large  loading  periods  that  tip  the  scale  toward 
net  sediment  storage. 
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Figure  6.  La  Grange  Pool  monthly  water  [left!  and  suspended  sediment  budgets  [right!  for  the  1 995  (uppei),  1996  ( middle l  and  1997  ( lows i) 
water  years.  T  refers  to  input  to  La  Grange  Pool  and  M(T  refers  to  outputs. 


Comparison  of  Pool  13  and  La  Grange  Pool 

Pool  13  and  La  Grange  Pool  sit  on  vastly 
different  rivers,  have  different  hydrological 
settings  with  respect  to  those  rivers,  and  have 
very  different  watersheds.  The  relative  influence 
of  the  mainstem  river  (the  Mississippi  or  Illinois 
River)  is  the  first  distinction  between  these  two 
pools.  In  Pool  13,  the  Mississippi  River  dominates 
both  the  hydrology  of  the  pool  and  the  sediment 
loading.  In  La  Grange  Pool,  however,  the  Illinois 
River  is  a  major  contributor  of  both  water  and 
sediment  but  it  does  not  dominate  the  budget. 

The  Mississippi  River  at  Pool  13  is  a  much  larger 
river  in  terms  of  land  area  drained  and  average 
flow  than  the  Illinois  River  at  La  Grange  Pool. 

The  Mississippi  River  at  Pool  13  drains  over  three 
times  the  land  area  than  does  the  Illinois  River 


at  La  Grange  Pool.  For  the  period  of  record,  the 
mean  daily  flow  in  the  Mississippi  River  is  twice 
that  in  the  Illinois  River.  The  second  distinction 
lies  in  the  differences  in  sediment  delivery  by 
these  rivers.  Whereas  the  Mississippi  River  drains 
more  land  and  has  greater  flows,  its  sediment 
supply  to  Pool  13  is  considerably  less  than  what 
the  Illinois  River  supplies  to  La  Grange  Pool. 

The  sediment  export  rate  (calculated  on  an  areal 
basis)  for  the  watershed  above  Pool  13  is  less  than 
one-fourth  the  rate  observed  for  the  La  Grange 
Pool  watershed.  The  difference  in  sediment  export 
rates  are  understandable  given  that  the  La  Grange 
Pool  watershed  sits  in  one  of  the  most  fertile 
agricultural  basins  in  the  world;  in  contrast,  much 
of  the  Pool  13  watershed  is  dominated  by  second- 
growth  hardwood  and  coniferous  forest  (Table  5). 
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Figure  7.  La  Grange  Pool  suspended  sediment  balance  (sum  of 
inputs  minus  output)  expressed  as:  (4)  the  metric  tons  per  day  of 
sediment  storage  (positive  values,  inputs  exceed  output)  and  export 
(negative  values,  outputs  exceed  inputs);  (B)  the  percentage  of  the 
input  sediment  load  that  is  stored  or  exported. 


The  most  striking  difference  between  these 
pools  is  the  manner  in  which  they  store  and 
export  suspended  sediments.  Pool  13  exported 
sediments  during  high  flow-high  load  periods 
and  stored  them  during  the  remainder  of  the  year 
while  La  Grange  Pool  exhibited  the  opposite.  In 
La  Grange  Pool,  sediments  are  trapped  during 
high  flow-high  load  periods  of  the  year  and 
exported  the  rest  of  the  time.  The  explanation 
for  this  striking  difference  in  behavior  may 
lie  in  the  considerable  difference  between  the 
morphometries  of  these  two  pools.  Pool  13 
can  be  characterized  as  having  a  very  riverine 
section  for  approximately  24  km;  a  transition 
zone,  which  is  a  more  braided  channel  area,  for 
the  next  21  km;  and  a  wide,  open,  and  relatively 
shallow  (1.0-1. 5  m,  other  than  the  main  channel) 
impounded  area  for  the  remaining  10.5  km.  In 
contrast,  La  Grange  Pool  is  essentially  riverine  for 
its  entire  length  (124.7  km)  and  has  an  extensive 
levee  system. 


In  Pool  13,  the  open  area,  sufficiently  shallow 
to  allow  wind-generated  waves  to  resuspend 
sediment  and  be  subject  to  advective  currents, 
may  allow  for  the  net  export  of  suspended 
sediments  during  high  flow-high  load  periods  of 
the  year.  Periods  of  high  flow  will  be  associated 
with  relatively  higher  current  velocities  both  in 
the  main  channel  and  across  the  impounded  area 
(Hendrickson,  personal  communication).  The 
spring  high-flow  period  is  also  associated  with 
the  passage  of  relatively  frequent  weather  fronts 
that  lead  to  the  higher  water  inputs  and  may 
generate  wind  conditions  that  act  to  resuspend 
previously  deposited  sediments  in  the  impounded 
area.  The  combination  of  resuspension  and  higher 
advective  current  velocities  may  be  acting  to 
allow  the  net  export  of  suspended  sediments. 
During  the  remainder  of  the  year,  when  flows  are 
lower,  current  velocities  are  reduced  across  the 
impounded  area.  Lower  current  velocities  should 
result  in  less  sediment  being  transported  out  of 
the  system  and  could  result  in  the  net  trapping  of 
sediments. 


In  La  Grange  Pool,  during  high  flow-high 
load  periods  of  the  year,  the  river  may  spread  out 
onto  what  floodplain  is  still  accessible  (inside 
the  levees)  and  allow  material  to  settle  out  of 
suspension,  thereby  trapping  sediments  during 
these  periods.  During  the  remainder  of  the  year 
when  flows  are  lower  in  magnitude,  the  river 
may  act  as  a  more  efficient  conduit  (flow  and 
suspended  sediment  remain  in  the  channel)  for 
water  and  suspended  material  and  result  in  a  net 
export  of  suspended  sediment. 

Conclusion 

The  present  study  of  the  suspended  sediment 
budgets  of  two  navigation  pools  indicates  that 
even  more  than  60  yrs  after  the  construction  of 
locks  and  dams  to  regulate  these  two  rivers,  these 
pools  are  still  strikingly  dynamic  in  the  manner  in 
which  they  process  suspended  sediments.  Rather 
than  being  simple  sediment  sinks,  net  sediment 
exporters,  or  in  some  sort  of  equilibrium  with 
their  sediment  loads,  these  pools  exhibit  all  of 
these  conditions  over  the  course  of  a  given  year. 
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Not  only  does  the  mode  of  processing  suspended 
sediments  change  in  response  to  changes  in 
hydrology,  but  the  processes  are  completely 
different  between  the  two  pools. 
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Monthly  Summaries  of  Water  and  Suspended  Sediment  Data  for  Pool  13 
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Appendix  D 

Monthly  Summaries  of  Water  and  Suspended  Sediment  Data  for  La  Grange  Pool 
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year  _  Oct _ Nov _ Dec _ Jan _ Feb _ Mar _ Apr _ May _ Jun _ Jul _ Aug _ Sep 
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